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Abstract
Objective: The present study aimed to examine whether 
medical students benefit from an open-book online forma-
tive assessment as a preparation for a practical course.  
Methods: A between-subjects experimental design was used: 
Participants – a whole cohort of second-year medical stu-
dents (N=232) – were randomly assigned to either a forma-
tive assessment that covered the topic of a subsequent prac-
tical course (treatment condition) or a formative assessment 
that did not cover the topic of the subsequent course (control 
condition). Course-script-knowledge, as well as additional 
in-depth-knowledge, was assessed.  
Results: Students in the treatment condition had better 
course-script knowledge, both at the beginning, t(212) = 4.96, 
p < .01, d = 0.72., and in the end of the practical course , t(208) 
= 4.80, p < .01, d = 0.68. Analyses of covariance show that this 
effect is stronger for those students who understood the feed-
back that was presented within the formative assessment, 
F(1, 213)=10.17, p<.01. Additionally, the gain of in-depth-
knowledge was significantly higher for students in the treat-
ment condition compared to students in the control condi-
tion, t(208) = 3.68., p < .05, d = 0.72 (0.51).  
Conclusion: Students benefit from a formative assessment 
that is related to and takes place before a subsequent practical 
course. They have a better understanding of the topic and 
gain more in-depth-knowledge that goes beyond the content 
of the script. Moreover, the study points out the importance 
of feedback pages in formative assessments.  
Keywords: Formative assessment, course preparation, 
blended learning, medical curriculum, practical course
 
 
Introduction 
The purpose of formative assessment (FA) is to support 
learning, as opposed to a summative assessment, where the 
purpose is validation and accreditation.1 Frequently, an 
online FA implicitly assumes a closed-book situation with an 
emphasis on the importance of the score achieved as a 
formative element.2, 3, 4 Learning is promoted with the use of 
such FAs by enabling the students to recognize and close 
gaps.5 If the FA is viewed as a holistic process, it is followed 
by feedback given to the students and possibly, changes in the 
tuition.6 Arnold7 reports that cheating in closed-book FA is 
disadvantageous to students. However, an online FA often 
takes place in an unproctored environment (for example, at 
home8). There is a clear lack of research that investigates 
open-book FAs. To our knowledge, only one empirical study 
has been conducted to examine this issue: In 2006, Krasne 
and colleagues.9 compared both FA modalities (open-book 
and closed-book) and found the open-book variant to en-
hance higher order reasoning, including the ability to iden-
tify and access appropriate resources and to integrate and ap-
ply knowledge. Compared to the closed-book variant, the 
open-book FA was a better predictor for the students’ exam 
score. Therefore, the study of Krasne and colleagues.9 indi-
cates that the performance assessed with open-book FA (not-
withstanding the use of resources), can remain a formative 
statement about students without the cheating disadvantage 
described by Arnold.7 
 Previous studies point out that according to lecturers of 
practical courses, the preparation that is based on the course 
script, together with a successful performance of the practical 
exercises, is  essential in   acquiring   in-depth-knowledge of
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medical and scientific contexts during the practical course. 
The cognitive load theory provides arguments supporting 
this assumption.10, 11 
If during the course, the students use most of their mental 
resources for procedural tasks (intrinsic cognitive load) while 
continually consulting the course script (extraneous cogni-
tive load), the remaining mental capacity to build more in-
depth-knowledge (germane cognitive load) becomes too low. 
According to the lecturers, the cause of poorly prepared stu-
dents could be the low coverage of the course content in up-
coming summative examinations. A survey revealed that 
medical students stressed the importance of learning relevant 
content for upcoming examinations.12 A steering effect of ex-
ams on students’ learning behavior was discussed by Al-
banese and colleagues.13, and according to Heenemann and 
colleagues.14, this also applies to FA; the influence of both 
formative and summative assessment could even have a neg-
ative influence on learning behavior. Therefore, Heenemann 
and colleagues.14 claim that an assessment strategy for the 
whole curriculum is needed (Programmatic Assessment). 
Wood15 notes that students need support in the planning of 
learning activities with respect to time management and set-
ting content priorities. Self-directed learning is typically a 
large part of the study activities in the context of a Problem 
Based Learning (PBL) curriculum. Wood states that, “Stu-
dents may be unsure how much self-directed study to do and 
what information is relevant and useful”.15 With regard to 
time management, our intention intervention was to provide 
students with a structured learning sequence of 30 to 60 
minutes as homework, therefore promoting self-directed 
learning, as described by Clark.16  
In our study, we examined whether open-book online FA 
is a useful preparation for compulsory practical courses in a 
bachelor's medical curriculum. The purpose of our study was 
to empirically test whether medical students benefit from an 
open-book online FA as preparation for a practical course. 
We investigated whether an open-book online FA as a prep-
aration for practical courses has a positive impact on course-
script-knowledge and additional in-depth-knowledge. 
Course-script knowledge is essential, as it enables the stu-
dents to fulfill the tasks in the practical course. The construct 
"in-depth knowledge" addresses the didactic goals of the lec-
turer: Students should be able to solve problems that are not 
explicitly highlighted during the course. They should achieve 
this by deriving knowledge patterns, defined by the lecturers 
from course insights. 
Critics of FA point out lacking evidence that FA pro-
motes learning.17 In open-book online FA, we expect that 
learning is facilitated, on the one hand, when students answer 
the K-type multiple-choice questions (MCQ) while research-
ing the course script and other sources, and, on the other 
hand, when reading the feedback page (solutions, explana-
tions, score) that is displayed after they have entered their 
choice. We assessed this learning gain at the beginning and 
the end of a 4-hour practical course and examined the addi-
tional in-depth-knowledge gained during the course.  
Methods 
Participants 
Instead of testing a sample of participants, a whole cohort of 
undergraduate medical students studying at the University of 
Bern took part in the study (N = 232). Sixty percent of the 
participants were female, 40 percent were male, and the mean 
age was 22 years. All of them were in their second academic 
year. Participation in the study was voluntary. All partici-
pants were debriefed during a lecture following the practical 
course. Furthermore, all participants were able to access the 
FA used in the study, so that upcoming exam would not be 
affected. All participants were treated according to the Dec-
laration of Helsinki, and the study was approved by the re-
search ethics committee of the Canton of Bern. 
Design  
We conducted a field experiment, whereby one variable was 
manipulated between participants. The experiment took part 
in the context of the practical course “Performance Physiol-
ogy.” Participants were randomly assigned to either the treat-
ment condition (a relevant FA) or a control condition (an ir-
relevant FA). In the treatment condition, participants 
completed an FA that covered the topic of the subsequent 
practical course, “Performance Physiology.” In the control 
condition, participants also completed an FA, however, the 
content of the control FA was not related to performance 
physiology. Participants did not know whether they were in 
the control or treatment condition.  
Several performance measures for performance physiol-
ogy, subjective measures, and measures concerning the com-
pletion of the FA were included as dependent variables. We 
measured course-script knowledge on performance physiol-
ogy three times: within the open-book online FA (course-
script knowledge t1), right before the practical course 
(course-script-knowledge t2), and right after the practical 
course (course-script-knowledge t3). As a fourth perfor-
mance measure, we assessed the gain of additional in-depth-
knowledge. Prior to the course, we further assessed whether 
the students were motivated to take part in the course (moti-
vation). After the course, the satisfaction with the practical 
course, the subjective relevance of the practical course, as 
well as the relevance of the FA were examined. Additionally, 
we analyzed the time that was spent to complete the FA (du-
ration of completion), the time-point to complete the FA 
(date of submission), and the self-perceived judgment of 
whether the provided feedback pages within the FA were un-
derstood (understanding of feedback). We considered the 
use of aids during the FA and, as a control variable, the mean 
grade of the last three exams. Furthermore, the teaching staff 
rated the quality of the students’ participation in each practi-
cal course. They were asked whether the students performed 
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well in the course (students’ performance) and whether the 
students were well-prepared for the course (students’ prepa-
ration). 
Procedure 
All participants were sent an invitation to participate in the 
FA. This was either the FA on the subject of performance 
physiology (treatment condition) or the control FA. Before 
the FA could be completed, the course-script-knowledge on  
performance physiology was assessed (baseline measure-
ment). The FA had to be completed before the practical 
course took place. Before the start of the practical course, the 
knowledge was tested again. At the end of the course, the 
course-script-Knowledge was again evaluated. In-depth 
knowledge on performance physiology was also measured. 
The procedure of the study is described in detail below.  
Description of the open-book online formative assessment  
The learning management system of the Medical Faculty of 
the University of Bern served as a platform to offer two dif-
ferent FAs, both explicitly declared as being open-book, and 
included the download link to the respective course script. 
The first FA was designed to prepare the students for the up-
coming practical course, “Performance Physiology”, a course 
that appears in many medical curricula around the world. 
The second FA consisted of questions concerning human 
anatomy. This second FA served as a control condition since 
all subsequent measurements (e.g. course-script-knowledge) 
were about performance physiology. Thus, the questions on 
human anatomy were irrelevant for the subsequent tests. 
Both FAs consisted of 20 multiple-choice questions with a 
total of 84 statements to be assessed (K-type questions). For 
each statement, the students had to indicate whether it was 
true or false. Each multiple-choice question, with the corre-
sponding statements, was presented on one screen (question 
page), and all statements had to be judged before the student 
could continue. Each question page was followed by a feed-
back page that displayed the question, the statements, and the 
student’s previous answers. In addition, there was a detailed 
explanation for every statement explaining why it was true or 
false. At the bottom of each feedback page, the student rated 
his or her feedback-understanding on a four-point scale. 
Then, the student clicked the submit button that took them 
to the next question page. Backward navigation was not pos-
sible. Unique access was ensured through a personal login 
code. In case of an interruption, the system resumed at the 
last page visited. The questions in the treatment FA were 
based strictly on the content of the official course script, and 
they had been developed by a didactical expert and reviewed 
by lecturers. Usage duration per question page and per feed-
back page and timestamps were recorded. The last feedback 
page was followed by a short one-screen questionnaire to 
evaluate the just-completed open-book online FA. For the 
completion of the FA, the students needed between 11 to 202 
minutes (mean=32 minutes; median=29 minutes). 
Group assignment 
For the practical course “Performance Physiology”, the stu-
dents had been randomly placed into five groups of 45-48 in-
dividuals. The faculty’s timetable gave the odd number of 
groups. Each group participated once in the four-hour prac-
tical course “Performance Physiology.” Of the five groups, 
three had been randomly assigned to the treatment condition 
and two to the control condition. The content of the practical 
course was identical for all five groups. The students, as well 
as the teaching staff, were blind as to the experimental con-
dition of the groups. The difference between treatment and 
control groups was the topic of questions in the FA. Students 
in the treatment condition answered questions that were rel-
evant for the practical course “Performance Physiology”. Stu-
dents in the control FA answered questions on human anat-
omy that were not relevant for their internship specialization. 
Invitation to participate in the open-book online formative  
assessment 
For this study, 232 second-year medical students (95 in the 
control and 137 in the treatment condition) were invited via 
email to participate in the FA. They were unaware of the fact 
that this study was conducted in the context of the course 
“Performance Physiology.” Access to the FA was granted 
through a link in the invitation email that was sent ten days 
before the course. When the students clicked on the link, they 
saw, depending upon their personal login, either an FA for 
the practical course “Performance Physiology”, or questions 
on “Human Anatomy,” if they belonged to the control group. 
The text in the email explained that all records would be 
stored anonymously and that the performance in the FA 
would not have any further impact on the course of their 
studies. Three days before the class, a reminder was sent to 
the students who had not yet completed the FA or not yet 
clicked on the link. Sending invitations through email to fill 
out online questionnaires of various topics is a regular prac-
tice at our faculty. In general, participation is high, which is 
useful for the current study. 
Conducting the practical course “Performance Physiology” 
The purpose of this course was to provide hands-on experi-
ence in performance physiology and to learn practical skills. 
The practical course “Performance Physiology” ran the same 
way for all groups in terms of organization and structure. 
Identical teaching staff were involved in all five classes (one 
lecturer and three tutors). In the first 15 minutes of each 
class, all participants were asked to fill out a paper question-
naire (t2) that asked questions from the treatment FA (i.e. the 
students in the control group also had to respond to items 
related to Performance Physiology). The questionnaire also 
assessed the motivation to attend the course. Subsequently, 
the students performed the course activity (groups of three 
students set up physiological experiments on home trainers). 
In the last 15 minutes of the course, students answered an-
other paper questionnaire (t3) with K-type multiple-choice 
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questions for in-depth knowledge. These questions had been 
developed by the lecturer to represent the desired additional 
learning. The answers to these questions were not part of the 
course materials or course script and had not been discussed 
in class. In addition, questions concerning the course script 
were asked again and the self-perceived relevance and quality 
of the practical course were evaluated. In the end, the lecturer 
and his three assistants evaluated the course of the practical 
course. They had been naive as to whether or not a course 
consisting of students with the matching or mismatching FA 
preparation. 
Measured variables 
The measured variables consisted of four performance 
measures and four subjective measures. The subjective 
measures were rated on a five-point Likert scale (1=I fully 
disagree; 5=I fully agree); in order to avoid response sets, sev-
eral items were reverse-coded. 
Course-script-knowledge t1 (baseline)  
Before the completion of the open-book online FA, the stu-
dents had to answer 20 multiple-choice questions with a total 
of 84 statements concerning the topic of the course script 
(treatment: practical course “Performance Physiology”; con-
trol: “Human Anatomy”). Each statement had to be judged 
as true or false (example statement: “The hematocrit is usu-
ally about 60% in healthy humans”). Correct answers gave 1 
point, wrong answers -1 point. As a score, the mean values of 
all answers were included. Thus, possible mean values ranged 
from -1 to 1. The questions covered the topic of the FA. 
Course-script-knowledge t2 
In the first 15 minutes of the practical course, all students 
(treatment and control) had to answer five multiple-choice 
questions with a total of 25 statements concerning the course 
script of the practical course “Performance Physiology” 
(MCQ K-type as in t1, same score computation, but paper-
based and closed-book).  
Course-script-knowledge t3 
In the last 15 minutes of the practical course, the students had 
to answer five multiple-choice questions again with a total of 
25 statements concerning the course script of the practical 
course. The procedure was the same as at t2. 
Gain of additional in-depth-knowledge 
Also at t3 (in the last 15 minutes of the practical course), the 
students had to answer five additional multiple-choice ques-
tions with a total of 25 statements. All questions addressed 
additional in-depth-knowledge not covered by the course 
script. The ‘gain of additional in-depth-knowledge’ construct 
is based on the demand from the lecturer who designs and 
heads the course, that after completing the course, the stu-
dents should, on the basis of the knowledge gained during 
the course, be able to answer further questions related to the 
course content correctly, but not covered in the course. In 
previous years (i.e. prior to these studies), the lecturers of the 
courses studied asked prepared, related questions orally and 
in writing. These questions were used in the post-test for this 
construct and represented the didactic goals of the lecturers. 
The characteristics of the questions (MCQ K-type), as well as 
the computation of the scores, were the same as for the other 
performance measures at t1 to t3. 
Motivation 
The motivation for the practical course was measured before 
the practical course began. The scale consisted of four items 
(rated from 1=I fully disagree to 5=I fully agree) (example 
item: “I would rather not take part in the practical course if it 
was not mandatory”, inverse coded). Internal consistency 
was sufficient (Cronbach’s Alpha=.63). 
Satisfaction with the practical course 
The quality of the practical course was measured after the 
practical course, using four items (example item: “The prac-
tical course was interesting”). Internal consistency was suffi-
cient (Cronbach’s Alpha=.69). 
Relevance of the practical course 
The relevance of the practical course was measured after 
completion of the practical course, using six items (example 
item: “The practical course was relevant for my studies”). 
Good internal consistency resulted (Cronbach’s Alpha=.82).  
Relevance of the FA 
The relevance of the FA was measured after the practical 
course, using five items (example item: “Due to the FA, I 
learned new facts”). Good internal consistency resulted 
(Cronbach’s Alpha=.92). 
Date of submission 
We assessed when the FA was submitted. The variable was 
operationalized as amount of days before the practical 
course. 
Duration of completion 
The time that each student spent on each page of the FA was 
measured in seconds. For our analyses, we used the average 
time that a student spent per MCQ statement. 
Feedback-understanding 
On each feedback page, the students had to indicate whether 
the feedback was understood. Therefore, a four-point Likert 
Scale was used (from 1=“I do not understand the feedback at 
all” to 4=“I fully understand the feedback”). 
Use of additional material 
The students had to indicate to what extent they had used 
additional material while doing the open-book FA. Seven 
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possible answers were offered (1=no material at all; 2=course 
script; 3=lecture slides; 4=Google; 5=Wikipedia; 6=other in-
ternet sources; 7=books). 
Mean grade of the last three exams 
As a control variable to test whether the two groups differed 
in terms of general academic performance level, the mean 
grade of the last three exams, which covered the first-year 
content (e.g. genetics, cellular processes), was included in our 
analyses. 
Teaching staff judgment of student performance in the practical 
course 
The rating of the quality of the course consisted of seven 
items (example item: “The students understood the content 
of the course”). Internal consistency was sufficient 
(Cronbach’s Alpha = .69). 
Teaching staff judgment of student preparation 
The rating of the quality of the course was assessed using one 
single item “The students were well-prepared (or not well-
prepared)”. 
Results 
Prior to testing the effect of the FA, we ensured that the par-
ticipants in the control and treatment conditions did not dif-
fer regarding their mean grade of the last three exams that 
covered the first-year content (e.g. genetics, cellular pro-
cesses). A t-test revealed no difference, t(228)=0.04, p=.97. This 
indicated that participants in treatment and control groups 
were comparable in terms of their general academic perfor-
mance level. To rule out gender as a possible confounding 
variable, we then tested whether males and females were 
equally distributed in both groups and found this to be the 
case, χ²(1, N=231) =0.35, p=.56 (plus one participant with 
gender not declared). 
To test the effect of our manipulation (treatment vs. con-
trol), we computed multiple comparisons. Independent t-
tests with Bonferroni corrections were carried out with the 
condition as independent, and the various performance and 
subjective measures as dependent variables (Table 1). As ex-
pected, the course-script-knowledge at t2 and t3 were signif-
icantly higher for students in the treatment condition com-
pared to students in the control condition. In addition, 
students in the treatment condition acquired significantly 
more additional in-depth-knowledge. Effect sizes were either 
medium or high. The self-perceived relevance of the FA was 
significantly higher for the treatment group compared to the 
control group (strong effect). There were no differences in 
terms of motivation and self-perceived relevance and satis-
faction with the course between control and treatment 
groups. 
We further tested whether the effects of condition on the four 
performance measures were moderated by the completion of 
the FA (date and duration of completion and feedback-un-
derstanding). Analyses of covariance showed that the effects 
were independent of the duration of completion and submis-
sion date (all p-values >.35). However, the effect of condition 
on course-script-knowledge at t2 was moderated by feed-
back-understanding, F(1, 213)=10.17, p<.01. The difference be-
tween the mean values, adjusted by feedback-understanding, 
was still significant (MTreatment=0.45 vs. MControl=0.37). How-
ever, the effect was weaker compared to the result of the t-
test mentioned above without feedback as covariance. The 
moderation showed that the effect of the conditions was 
weaker for those students who did not understand the feed-
back that was presented in the FA. In contrast, the effect of 
condition on in-depth-knowledge was independent of feed-
back-understanding (p=.42). 
In a next step, it was tested whether the condition influ-
enced the three performance measures of course-script-
knowledge at t1, t2, and t3. Therefore, an analysis of variance 
with repeated measures was computed. Time of measure-
ment (t1 vs. t2 vs. t3) was included as a within-subjects vari-
able and the condition (treatment vs. control) was included 
as a between-subjects variable. The results reveal a main ef-
fect for the time of measurement, F(1, 206)=60.68, p<.01, as well 
as a main effect for condition (treatment vs. control), F(1, 
206)=10.07, p<.01. Furthermore, a highly significant interac-
tion between the two variables was found, F(1, 206)=18.58, 
p<.01. This interaction is depicted in Figure 1. It shows that 
the level of course-script-knowledge continuously increases 
within the treatment condition, whereas the course-script-
knowledge of the control group decreases from t1 to t2 and 
then increases from t2 to t3; the course-script-knowledge 
level of the treatment groups is not reached at t3. 
Figure 1. Significant interaction between the time of measurement 
and condition 
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Table 1. Multiple comparisons between treatment (FA) and control 
Variable Group n M SD SE t value Cohen’s d 
Course-script- knowledge t1 control 95 .38 .31 .032 -1.61 0.20 
treatment 137 .32 .29 .025   
Course-script- knowledge t2 control 86 .31 .24 .026 4.96** 0.72 
treatment 128 .49 .26 .023   
Course-script- knowledge t3 control 87 .47 .21 .023 4.80** 0.68 
treatment 123 .61 .21 .019   
Gain of additional in-depth-knowledge control 87 -.12 .18 .023 3.68* 0.51 
treatment 123 -.03 .17 .019   
Motivation control 86 3.71 .55 .059 -0.25 -0.03 
treatment 128 3.69 .67 .059   
Satisfaction with Practical Course control 87 3.32 .69 .074 0.98 0.15 
treatment 123 3.42 .69 .062   
Relevance Practical Course control 87 3.64 .60 .064 -0.11 0.02 
treatment 123 3.65 .61 .055   
Relevance FA control 63 1.63 .75 .094 5.94** 1.00 
treatment 85 2.39 .78 .084   
Note: *p < .05, **p < .01, two-tailed; Bonferroni corrections were carried out 
Furthermore, we computed correlations between the meas-
ured variables, separately for the treatment and the control 
condition. Pearson’s correlations were computed with one 
exception: when duration of completion was strongly posi-
tively skewed (skewness=14.1). As a consequence, Spear-
man’s correlations were computed for this variable. 
The resulting correlations are shown in Table 2. The re-
sults indicate that the variables related to the completion of 
FA were strongly related to performance in terms of course-
script-knowledge, but not to performance in terms of addi-
tional in-depth-knowledge. 
Since we offered an open-book FA, we further assessed 
whether students used additional material while taking part 
in the FA. About two-thirds of the students (65.5%) indicated 
that they did use some additional material. Google gathered 
the material that was used the most (29.3%), followed by the 
course script (12.9%), Wikipedia (12.5%), and other Internet 
sources (11.2%). Less than 10% used the lecture slides (9.5%) 
or books (5.2%). 
In the last step, the judgment by the teaching staff con-
cerning the performance and preparation of the students in 
their course were analyzed. The results show that the treat-
ment and the control groups were not judged differently, nei-
ther in terms of performance (MTreatment=3.84 vs. MControl=4.00, 
t(23)=-0.86, p=.40), nor in terms of preparation (MTreatment=3.91 
vs. MControl=3.95, t(23)=0.22, p=.82). 
Discussion 
We investigated whether or not open-book online formative 
assessment (FA), as preparation for the practical course “Per-
formance Physiology,” is beneficial in terms of the level of 
course preparation and in-depth-knowledge gained during 
the course. 
In line with our expectations, we were able to show that 
the use of open-book online FA, as preparation for the 
course, had a positive effect. In terms of course-script-
knowledge, students with this preparation scored signifi-
cantly higher, both at the beginning and the end of the 
course, than the control group. Furthermore, there was a 
significantly more in-depth-knowledge gain for the students 
in the treatment group during the course. In accordance with 
Krasne and colleagues.9, this clearly indicates that the open-
book FA has a positive impact on performance in terms of 
the in-depth-knowledge acquisition. Additional analyses 
showed that this influence was not moderated by the time 
that was spent to complete the FA, which means that even 
students who spent little time on the open-book online FA 
experienced a learning benefit. In their FA study, Palmer and 
colleagues.4 also concluded that participation in an FA pro-
motes learning, independent of the time spent on it. 
The FA-based preparation did not influence the students’ 
motivation. Although the treatment condition resulted in 
better learning outcomes at the end of the course, the  
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Table 2. Descriptive and bivariate correlations between the measured variables 
satisfaction with and the relevance of the course quality were 
not more highly rated. The teaching staff also perceived the 
students’ preparation and performance during the practical 
course as equal for both conditions. In his book, Ramsden 
addresses this issue: “… all aspects of University teaching 
should be driven by the changes in understanding we want 
to see to occur in our students”.18  
Based upon cognitive load theory, we argued in the intro-
duction that, with a lack of preparation for the practical 
course (that is, not consulting the course script in advance), 
more mental resources are used up during the course. In our 
study, students who prepared for the course by using the 
open-book online FA scored significantly better in the 
closed-book test at the end of the course, both for course-
script-knowledge and gained in-depth-knowledge. We inter-
pret this observation in the context of cognitive load theory 
in that the students had more mental resources for building 
up in-depth-knowledge during the course. The teaching staff 
perception of equal course success in both groups can be in-
terpreted as a false conclusion because the gain of in-depth-
knowledge in the control group was inadequate. It is possible 
that better preparation and successful gain of in-depth 
Treatment Group 1 2 3 4 5 6 7 8 9 10 11 
Performance Measures            
    1. Course-script-knowledge t1 — .52** .32** .14 .08   .27** .18 .18   .74**   .68**   .77** 
    2. Course-script-knowledge t2  —   .61**    -.04 .12  .23* .04 .04   .43**   .39**   .43** 
    3. Course-script-knowledge t3   —  .10 .08 .12 .02  -.002   .41**   .22*   .28** 
    4. Gain of additional in-depth-knowledge    — -.15 .07 -.05  .09 .10 .06 .09 
Self-Report on Practical Course and FA            
    5. Motivation      —   .24**   .39** .18 .09 .11 .08 
    6. Satisfaction with Course      —   .35** .06    .26**  .20* .08 
    7. Relevance Practical Course       —   .30** .19  .20* .17 
    8. Relevance FA        —    .29** .07 .16 
Completion FA            
    9. Duration of Completion         —   .67**   .76** 
10. Submission Date (amount of days before 
the course) 
         —   .76** 
11. Feedback-understanding           — 
Control Group            
Performance Measures            
    1. Course-script-knowledge t1 — .37**   .26* .12 .001 -.03*    -.08 -.22 .65** .  54**   .49** 
    2. Course-script-knowledge t2  —  .49** -.05 .05 .08**   .004 -.34** .27**   .25*  -.05 
    3. Course-script-knowledge t3   —  -.23* .09  -.12 .07 -.09 .30** .15  -.04 
    4. Gain of additional in-depth-knowledge    — -.13 .02 .06 -.22 -.08    .29** 
Self-Report on FP and FA            
    5. Motivation      — .25* .33** .21 .05 .13 .12 
    6. Satisfaction with Course       — .33** .09 -.13 .04 .02 
    7. Relevance Practical Course       — .11 -.03  -.05  -.005 
    8. Relevance FA        — .03   .004 -.03 
Completion FA            
    9. Duration of Completion         —   .58**   .51** 
  10. Submission Date (amount of days before 
the course) 
         —   .74** 
  11. Feedback-understanding           — 
Note: *p < .05; **p < .01, two-tailed            
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knowledge in the treatment condition did not result in visible 
behavior during the course. According to Anderson and col-
leagues.19, in-depth-knowledge is only built if the students act 
as active agents of the learning process: by selecting infor-
mation and by forming a meaning of its own. If we apply this 
statement to our own on-site observations at the practical 
courses, the following activities could have led to the gain in 
in-depth-knowledge: (a) observations made during 
experiments, resulting in new knowledge with a meaning of 
its own; (b) reflection on information from  a series of 
lecture-style teaching during the practical course; (c) use of 
additional information sources during the course such as 
tablet PCs, books, and lecture materials,; (d) information 
processing during discussions among students. Regarding 
the last point, it should be noted that, because of good adher-
ence to the preparatory open book online FA in the treatment 
group, mostly well-prepared students participated. The rela-
tively homogeneous level of students’ preparation in each 
group must be seen as a positive characteristic. Burdett20 
notes that the unequal effort of individuals that are engaged 
in group work is judged as the worst aspect of collaboration. 
If FAs were voluntary, this most likely would result in heter-
ogeneous groups. 
Based on these results, we would recommend introduc-
ing open-book online FA as preparation for practical 
courses. For the medical curriculum at other universities, 
these FAs could be useful, since it serves as an investment in 
the quality of the curriculum. One should consider the effort 
it takes to implement an FA since FAs must be created care-
fully. Our study cannot make exact recommendations on 
how open-book online FA should be designed in order to en-
sure the desired formative effects, although there is a script 
for every practical course that provides the content frame-
work. While planning the FA for this study, it became clear 
that the contents had to be prioritized. The didactical expert 
and lecturers who were involved in the study had to antici-
pate the students’ knowledge gaps and formative needs. Basic 
concepts that were lacking or forgotten from prior studies (at 
the pre-university level) needed to be considered. Hunt and 
colleagues.21 also pointed out that creating good FA MCQ 
items is a challenge because the aim is not to have students 
checking the correct answers with a certain probability, but 
rather, the expected students’ level of knowledge should be 
addressed by the possible answers21 (including the incorrect 
ones). Furthermore, Hunt and colleagues.21 point out a need 
for items that highlight students’ misconceptions in order to 
correct them. Another important aspect to consider is the in-
clusion of online feedback, which has the power to establish 
response certitude (also called response confidence or re-
sponse certainty). This increases the students’ certainty in the 
answer and his or her understanding. The creation of these 
online feedback pages in our FA followed the guidelines of 
Shute. 22 We implemented these guidelines in the form of ex-
planations for every correct and every incorrect answer,  
resulting in high editorial workload. 
The results of our study emphasize the importance of 
feedback pages as formative agents. Feedback-understanding 
had a moderating effect on course-script-knowledge. 
Students who declared poor understanding of the feedback  
in the FA acquired less course-script-knowledge. Surpris-
ingly, this effect was not found for the gain of in-depth 
knowledge. In addition, low feedback-understanding was 
associated with late participation and short time spent on the 
feedback pages of the FA. Perhaps this pattern of behavior 
was displayed by students with poor general compliance with 
the curriculum’s requirements. 
This study did not capture how open-book online form-
ative assessment as a preparation for practical courses affects 
students’ performance during the course; it focused on the 
learning outcome after the course. In other words, the learn-
ing effects of the course preparation and the course itself can-
not be separated and future studies should examine the im-
pact on students' performance during their studies as well. If 
course preparation also increases student performance dur-
ing their studies, this may suggest the need for changes in 
course design to further optimize learning outcomes with 
respect to the interaction between course and preparation.  
Furthermore, the formative assessment was only about one 
topic (physiology), and its effect was only tested within one 
type of course. Thus, to enhance generalizability, future stud-
ies could expand this study to further topics as well. 
Conclusions 
Our findings suggest that FAs can be very beneficial. The 
treatment FA was effective, even for students who responded 
late, invested only little time in the FA, and judged the FA 
process to be irrelevant. Our results suggest that students 
need to prepare adequately for practical courses in order to 
optimize their personal learning outcomes. In other words, 
students do better when they prepare and they gain more. We 
could show that open-book online FA as a preparation  
modality achieves a clear benefit on two levels: (1) knowledge 
of the course script content is improved and (2) the online 
assessment enhances students’ development of new 
knowledge that can be described as "in-depth-knowledge". In 
summary, we believe that our paper offers substantial  
evidence for the effectiveness of open-book online FA. 
Therefore, we conclude that online assessment should be  
included as a didactic tool in medical curricula with the aim 
of making course preparation a formalized and integrated 
part of course instruction. 
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